Background-Adrenocortical carcinoma (ACC) is a rare and aggressive malignancy with limited therapeutic options beyond surgical resection. The characteristics of actual long-term survivors following surgical resection for ACC have not been previously reported.
INTRODUCTION
Adrenocortical carcinoma (ACC) is a rare malignancy with an incidence of approximately one per million in the United States [1, 2] . Approximately 40% of ACC tumors do not secrete hormones and, therefore, may present as large tumors causing local mass effect [3] . As a result, most patients present at an advanced stage of disease and have a median survival time of less than 12 months [2, 4] . Even with surgical resection, ACC can still be associated with a poor long-term prognosis, with estimated 5-year survival ranging from 16% to 45% [5] [6] [7] [8] [9] [10] [11] [12] [13] . Surgery, however, offers the best chance to achieve long-term survival even if recurrence is common and occurs in as many as 70% of patients following complete resection of ACC [1] . Although several studies have reported survival outcomes following curative-intent surgery for ACC, characteristics of the actual 5-and 10-year survivors have not been previously reported.
In fact, to date, only eight case reports and one small case series of six patients in the literature have reported on patients with ACC who have achieved long-term survival of more than 10 years [10, [14] [15] [16] [17] [18] [19] [20] [21] . Of note, various clinical and pathologic factors such as tumor size [22, 23] , lymphadenectomy [24, 25] , major venous involvement [26] , margin status [27] , and higher Weiss score [28] have not been consistently associated with long-term survival following resection of ACC. Therefore, the objective of the current study was to use a multiinstitutional collaborative database of ACC patients in the United States to identify characteristics of actual 5-and 10-year survivors following resection of ACC.
METHODS

Patient Population and Study Design
Patients who underwent surgical resection for ACC were identified using a multiinstitutional database of 13 Patients were stratified into four groups based on survival: early mortality (died within 2 years), late mortality (died within 2-5 years), actual 5-year survivor (survived at least 5 years) and actual 10-year survivor (survived at least 10 years). Patients alive at the last encounter with less than 5 years of follow-up were excluded.
Data on patient demographics, clinicopathologic characteristics, perioperative outcomes, and overall survival were collected. Preoperative variables included age, race, comorbidities, presence of hormonal excess, and symptoms. Pathologic variables included tumor size, tumor weight, TNM stage, and histologic characteristics. Postoperative morbidity was graded using the modified Clavien-Dindo classification of surgical complications [29] . The seventh edition of the American Joint Commission on Cancer (AJCC) Staging Manual was used to determine TNM classification [30] . Tumors were classified as "atypical ACC" when fewer than 3 Weiss criteria were present on histologic analysis [31] .
Statistical Analysis
Continuous variables were reported as median values with interquartile range (IQR) and compared using ANOVA or Kruskal-Wallis test, where appropriate. Categorical variables were presented as frequency and percentages and compared using chi-square or Fisher's exact test, where applicable. Overall survival was calculated using the Kaplan-Meier method and compared using log-rank test. Clinical and pathologic data were analyzed using univariate and multivariate Cox regression methods. Variables with P < 0.05 in the univariate analysis were entered into the Cox's proportional hazard model to determine predictors of long-term survival. Covariates that did not satisfy the Cox proportional hazard assumption were excluded from the final multivariate model. All statistical analyses were performed using the STATA 13.0 statistical software package (STATA Corp., College Station, TX) and SPSS version 23.0 (IBM, Chicago, IL). Significance was set at a P value of <0.05 (twotailed).
RESULTS
A total of 265 patients underwent surgery for ACC at one of 13 academic institutions participating in the U.S. Adrenocortical Carcinoma Study Group during the study period (1993-2014). The 5-and 10-year actuarial survival estimates were 44.3% and 31.8%, respectively ( Fig. 1 ). Among the 265 patients, 180 patients met the inclusion criterion of at least 5 years follow-up. Actual 5-and 10-year survival among this subset of patients was 27% and 7%, respectively.
Stratification of these 180 patients into four groups as described in the Methods demonstrated comparable clinical characteristics among the groups with regard to age, sex, race, and comorbidities (Table I) . While the proportion of incidental ACC tumors was similar across the four groups, non-secreting tumors were more common among actual 10-year survivors. On pathological analysis, tumor size and weight were comparable in the four groups. Factors associated with a longer survival included early T-stage, R0 resection, and lack of metastatic disease (Table I) . Patients with ACC tumors that did not have lymphovascular invasion (LVI) or capsular invasion were also more likely to have a longer survival. Long-term survivors had a lower incidence of multiorgan resection, intraoperative blood transfusion and lower blood loss (all P < 0.05). In contrast, there were no differences in survival among patients with atypical ACC or tumors that had histologic evidence of high mitotic rate, microvascular invasion, or necrosis. The majority of patients did not undergo lymphadenectomy and nodal status was not different among the four groups.
Table II details postoperative variables following initial resection of ACC. Overall morbidity was slightly higher among patients who had a shorter survival, but the incidence of major complications (grade 3 or more) was similar in the four groups. There were no significant differences in rates of specific complications, reoperation, readmission, and length of stay. While the use of adjuvant chemotherapy and radiation were similar in the four groups, mitotane was more commonly used in patients with shorter survival. Table III shows details on actual 10-year survivors (n¼12, 7%). Most patients were women (83.3%) and had non-secreting tumors (66.7%). The mean tumor size was 12.2-cm (range 4.5-20 cm). Two of the three patients who underwent lymphadenectomy had evidence of lymph node involvement and one patient had synchronous metastatic disease. The absence of IVC tumor thrombus was a universal factor shared by these actual 10-year survivors. None of the patients received adjuvant mitotane after initial resection for adrenocortical carcinoma. Recurrence was eventually observed in 7 of the 12 actual 10-year survivors, and 5 (71%) of these patients underwent repeat resection for recurrent ACC. The longest survivor remains alive 18 years after initial resection and without evidence of recurrence.
DISCUSSION
In one of the largest multi-institutional studies on patients with ACC, we demonstrated that 7% of those who underwent curative intent surgery were actual 10-survivors. To our knowledge, only one small series in the existing literature described actual 10-year survivors in patients with ACC, noting a prevalence of 3% (six patients) over a 28-year period [15] . Thus, our study is the largest series from the United States characterizing factors associated with 10-year actual survival following resection of ACC. Factors associated with early mortality include positive margins, capsular invasion, distant metastasis, and vena cava involvement. The findings of this study underscore the importance of complete resection as well as the prognostic significance of tumor biology and pathology in determining prognosis.
We found several distinct characteristics shared by long-term survivors who underwent curative intent resection for ACC. For example, none of the actual 10-year survivors had Cushing's syndrome. This finding can be attributed to the negative effects of cortisol production on tumor cell growth and cell immunity [32] . We also observed that long-term survivors universally lacked IVC involvement. Although the benefit of surgery in patients with ACC with vena cava involvement has mostly been limited to case reports, one of the 
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Author Manuscript largest series consisting of 15 patients with ACC extending into the IVC demonstrated a median survival of only 8 months following curative intention resection and no 5-year survivors [26] . These data suggest that although tumors with caval involvement may be technically resectable using surgical techniques such as total hepatic vascular exclusion with or without venovenous or cardiopulmonary bypass, the anticipated limited survival benefit should weigh carefully into the decision to offer surgery in light of the risk of serious postoperative complications. Therefore, while ACC with vena cava involvement should not be considered an absolute contraindication for curative intent resection, it should be considered an indicator of a highly aggressive tumor biology and a limited chance of cure should be anticipated.
In the current study, we observed a high recurrence rate (58%) after resection of primary ACC even within the 10-year survivors group. Several studies have suggested that surgery for recurrent disease can provide a survival benefit [33] [34] [35] [36] , a second recurrence should be universally anticipated as 94% of patients who had undergone any intervention for recurrent disease eventually experienced repeat recurrence [34] . In our study, 7 of the 12 10-year survivors experienced disease recurrence after the 10-year mark, a finding that underscores the fact that 10-year survival does not equal cure for this disease. Surveillance for recurrence should continue even among those who have reached the 10-year milestone, as these patients should not be considered cured of their disease, especially if they have recurred previously, but underwent successful treatment for this.
A common dilemma faced by clinicians is whether adjuvant therapy is merited after complete macroscopic resection of ACC. The benefit of mitotane after resection of ACC remains controversial given the limited data on long-term outcomes. One promising retrospective study consisting of 177 patients demonstrated prolonged recurrence-free survival, but equivocal overall survival benefit when compared to one of the control groups in the study [37] . Other studies on the efficacy of adjuvant mitotane have revealed no benefit in terms of disease-free or overall survival. One study from M.D. Anderson Cancer Center consisting of 19 patients who underwent resection of ACC demonstrated no survival advantage in patients who received mitotane indefinitely compared to those who received mitotane for a short period (2-12 months) and those who did not receive mitotane after resection [38] . Similarly, a recent study published from our collaborative group did not identify a significant impact in survival even after adjusting for tumor and treatment related factors [39] . In the current study, we found a significant proportion of patients (51.7%) who died within 2 years were treated with adjuvant mitotane (likely prompted by unfavorable pathologic characteristics of the tumor) whereas none of the actual 10-year survivors received adjuvant mitotane. This difference may partly be a function of selection bias, as patients who received mitotane were likely those with the greatest risk of recurrence.
There are several major limitations in this study. First, despite the multi-institutional nature of the study consisting of 13 major academic hospitals in the United States, the sample size is still small, with each institution performing on average about one resection for primary ACC per year. Second, specific data on the Weiss criteria was not universally available due to variation in pathology reporting by each of the participating institutions. Nevertheless, the 
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In conclusion, actual 10-year survival is possible in 7% of patients undergoing surgery for adrenocortical carcinoma. Vena cava involvement, R2 resection, and glucocorticoid secretion are factors precluding 10-year survival. On the other hand, long-term survival beyond the 10-year milestone can still be achieved in the presence of lymph node or even distant metastasis and R1 resection. The vast majority (83%) of 10-year survivors were women and a substantial portion of them (42%) had undergone repeat resection for recurrence. Until more effective systemic therapies become available, these data can help clinicians counsel patients on the long-term outcomes of surgery for this challenging malignancy. 
